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j Abstract

I

In this paper we describe results from the Roe
Creek No. 3 underground coal gasification test.
The experiment employed a drilled channel between

process wlls spaced 130’ apart. The drilled
channel was enlarged by reverse combustion prior to
forward gasification. The first week of forward
gasification was carried out using air injection,

during which 250 tons of coal were consumed yield-

ing an average dry product gas heating value of 114
Btu/scf. Following this phase, steam and oxygen

. were injected (generally a 50-50 mixture) for 47
days, during which 3945 tons of coal were consumed

at an average rate of 84 tons of coal per day and
an average dry gas heating value of 217 Btu/scf.

.
The average gas composition during the steam oxygen

phase was 37% H2, 5% CH4, 11% CO, and 44Z C02.
Gas recorvery was approximately 82% during the

test, and the average thermochemical efficiency was
near 65%.

I

Introduction

In-situ coal gasification is an old idea which

has become more attractive as the alternatives have
become less attractive. The basic concept involves

partial oxidation of a coal deposit underground and

subsequent recovery of a combustible gas at the
surface. Means for in-situ coal gasification were
devaloped in the USSR in the 19301s, but discovery

of large oil and natural gas resources caused a
decline in the use of in-situ gasification by the
USSR. Development of these techniques also started
in the United States in the 19501s, but low cost ;

oil and natural gas precluded our use of in-situ
coal gasification at that time.

The progressive depletion of oil and natural gas’

resources has made use of coal resources much more
attractive. However, large increases in coal pro-

duction using conventional methods are difficult
because of new emphasis on human health and well
being in the case of deep mining and because of

environmental impact concerns in the case of strip
mining. In-situ coal gasification obtains energy

from coal deposits without the underground labor
associated with deep mining and without the massive

surface disruption associated with strip mining.

The basic coal gasification process is simple in

concept, consisting of three steps: 1) the coal is

heated which drives off water and then volatiles to

form char (as in destructive distillation), 2) the
char reacts with hot steam to form CO + H2, and
3) finally the remaining char reacts with 02.
The char/02 reaction provides the heat to drive ~
all the other reactions, which are endothermic. ‘
The char/H20 reaction produces CO and H2. The !
pyrolysis reaction also produces CO and H2 as
well as a wide range of hydrocarbon products.

! I

Although simple in concept it is still necessary

to demonstrate the technical feasibility of the
process by performing actual field experiments.

Since 1973, seventeen underground coal gasification

(UCG) field test have been conducted in the U.S. A
brief sumnary of these experiments is given in

Table I. As can be seen, these tests typically run

30 or more consecutive days at coal consumption
rates of 30-100 tons per day. Thus the UC? tests,
though simple, are comparable in output with sbove-

ground coal gasification pilot plants. Both low
and medium Btu product gas has been obtained, by

air and steamfoxygen injection, respectively.

Due to these repeated demonstrations of tech-

nical feasibility, underground coal gasification is
recognized as one of the most promising methods to

produce clean fuels from coal. Successful UCG
technology would quadruple the U.S. proven reserves

of coal: from 0.4 trillion to 1.8 trillion tons.
The resource would be adequate for hundreds of
years’ production. The projected product costs of
$0.90-l.00/gallon for gasoline and $3.50-4.00/106 Btu

for synthetic natural gas (refinery costs) are

competitive with conventional sources. If Suc-

cessful, cormnercial production could being in ten

years or less.l

The objective of this report is to describe
results of the Hoe Creek No.3 experiment, which was
the first long-term UCG steam/oxygen underground
coal gasification teat ever conducted. The experi-

ment was carried out by the Lawrence Livermore Lab-
oratory in the Powder River Basin near Gillette,
Wyoming, under the sponsorship of the U.S. Depart-

ment of Energy and the Gas Research Institute.

Goals

The major design2goals of the Hoe Creek No. 3

experiment were to:

1.

2.

3.

4.

5.

6.

Carry out forward gasification with a known,

reliable link at the bottom of the coal seam.

Determine steam/oxygen gasification effi-

ciencies at coal consumption rates up to 100

tonsfday.

Gasify at commercial process well spacings

(100-200 ft.)

Determine bum zone configuration.

Minimize gas losses and water influx.

Determine water quality and subsidence

effects.

These objectives were accomplished in an experi-

ment that lasted 57 days and consumed 4200 tons of
coal. During the 47 days of oxygen injection the
average heating value of the gas produced was 217
Btu/scf (193 kj/mol).3
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Table 1 United States UCO fieldtest..
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Q METC. h%icatowm,W VA

Pricemv.m
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Rawlins, Wy.aminq

S, Sponsored by winte lmdunty
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Fairfield, Texm
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College Station, Tex=
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1S7S.74
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1S77
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1970
1977
1979

1979

7979

1976
397s.79

197%

1977
7s79

380
33
25
38
3s
24

:
47

12

30

,We .d+?$ct iong~ly ,drilleda link between PCO-,_—.. — .
cess wells r.rior t. gastffcatiOn at flOeCreek 3..

I
‘1’M.swas to”avoid pr;blems at Hoe Creek 2 in ‘;

which reverse combustion was used to create the ~
link. Altbonsh reverse combustion linkins has
been used successfully in the past, the link
path is not well controlled and at Hoe Creek 2 a
path across the top of the coal seam resulted.
Directional drilling allowed IISto define the in-
itial process seometry by placing a link at a ,
known location near the bottom of the Felix 2
coal seam.

Fimire 1 shows the relationshiD of the r.r&e#s’T
wells-and the directionally drill~d chennei Df+l tol
the “ndergro”nd Iithology. This chmmel was

idrilled d“ri”g July of 1978, “sing a 2 318” dime,
eter Dyrm-Drill m“d motor to drill a 3“ diameter ~~
hold. l%. drilling .t.rted at 30°te thea~rf~ee\
and was deviated (maximum rate of 50 per 100
feet) m that the borehole waa eaee”tially hori-
zontal in the area of interest. Five process wells ~
were drilled to intersect the horizontal well (DD1)d

The basic experimental plan W. to gasify the ~
I

coal between wells A and S by oxgyemisteam injec-
tion i“ A .“d with gas prcd”ction mainly from well
B with occasional prod”ctitm from well C. O“e week

i of air gasificaticm was plamed at the begi”nirtgof.
the experiment to allow a direct .ompariso” with
the results of Boe Creek 2. Wells PI and F3 were
designed as pmnp tvell~for dewateri”s the channel
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i Fig. 1 Roe Creek3 process wells and channel.]

and burn zone is long as possible and well PI was

+lSO designated aa an a.xilliary injection well.

.,

Wells B and P3 intersected WI-l when drilled and
wells A a“d P1 were connected by “sing a water j,et
drill loaned to us by the U.B. Bureau of Mines.
We were ““able to Ii”k well C with DD-1 before the
bum a“d after an mis”cces8f“l attempt to link by
forward comb”stion during the gasification phase,
the we11was abandoned
I

‘*Arrangedby George Savanick, Twin cities Mining
Sesearch Center, Mi”n...

.
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The three main process wells PI, A and B were
designed t. maintain injection and production loca-
tion. near the bottom of the coal seam as long as
possible (Figure 2). TIW design utilized a 13” -
318 casing packed with high temperature cement,
with 10” - 314 inner liner. The well internals,
oxygen lance, gas lift pipe and de.,mterling line
were protected inside the inner liner with water
cooling in the annulus between the imer and outer
casing. The 3 inch oxygen lame, shown fn Fig. 2
was inc3mded only in wells F1 and A. Its purpose
was to allow oxygen to be <“jected near the bottom
of the coal seatoand mixed “ith stesm that had been
Injected through the caei”g lfmer. The lower 60 ft
of the A-wll lance was made of Monel, with the re-
mainder copper. The F1 lance was copper. The pump
well P-1 was designed to be a back-up i“jection well
to replace well A, if necessary.

X*!IJ.IJ~k%in%”!,

3 l“. l.&umll
HTR _

Iii (7.6 07!) 1 13d,%hI. J6S
U cs3inq(40 m)

.!!
,!

cm! $eam pi’, ,,:j7KJ#L

a5/n in. sum,

‘dm

14 D,,IIL+hole,ean8d
Iinm [24,4 m) ,.12 in. (30.6 mm)

J

Fig. 2 Typical proce.s well design.

Instrumentation

....

I

I
I

A plan view of the well array is shmsn in Fig.
3. Since the A well was designated as the main

!inj=ti~ =11, the the=al instr=entati~ VaS
8r0uped =Ouad this well and in the area bet-en
the injection and production wells. There were
fifteen thermocouplewells, each well c.mtaining an
average of 14 junctions spaced at intervals
throughat the coal eeams and overburden. Addi-
;tier.a1 thermocoupleswere fastened to the mtaide
of all of the process well caeings. The therm- ~
couple wells were designed to monitor the progress
~of the burn down DD-1 and al.o to define the boun-
daries of the burn cavitg during the last two
thirds of the expertient.

● mmocu!pk db w
❑ HFEM IWO, v

0 G4w4wiul i.mrwram.mh v
v w* mltwi.lg till

10- m
_ ● 1.2R

DD.I

❑
?3 B

.

; v-v

Fig. 3 Hoe Creek 3 plan view of WQ1l array.

,,

Smidia Laboratories, Albuquerque provided three ~~
items for use in the experiment. A COMWX data ::
logger4 that collected all of the data from all !
instrumentationand sent_the_data to the ccmp.ter “.—_—-— —..
o“ command. An inverted thermocouple asriembly>~
,signed to avoid b“rncmt, transmitted downhole
thermocouplemeasurements to a reciever located
beyond the gasification region. The third item was~–
an Electrical Remote Monitoring (ERM)6 mtwurk de- ;,
‘signedto monitor the progress of the burn front. ,s

$

I
Eight BFEfd7wlls were used to monitor burn

cavity growth d.irinqthe early stagee of the expe-
riment. This technique utilizes the change in
tramsmissim of an RF signal cawed by heatl”g m-id

burning the ccal. Radio transmitters and receivere
are placed in the wells and the signals are
recorded on the surface.

..

Seventeen geophysical instrwr.entation8
installations of vari.ms kinds were wed to monitor
underground motion. Thee included extensometers,
piezo!r.eters,shear #trips a“d deflectometers.
Fifteen water wells ware emplaced to allow
monitoring of the gromdw.ter before, during and
after the tarn for e“vironmentaliinfomatio”.

‘3%.product gas was a“alyz.d by a procees gas
chromatog.aph .s”da time-of-flightU,SSSelectro-
meter. Injection and prod”ctim fkm rates were
measured with orifice flow statiom. All of the
data were collected by tbe COMUX scanner and i“p”t
to the computer. The computer proce.sed .md stored
the data via a data base !m”agevm”t system. This
processed data was available both in graphical a“d
tabular form to the process operators to aid in the
control of the experiment.

1
,.-~

3!beExperiment Ristoq

.: I
,’

Following pl.mt cor..truction and checkout,imi-
tial hydrology.s”dair flowte.tiflgi“dieatedthat
wells P1. A. B. and F3 were well connected to the
drilled hol~ D&l, while well C was not come.ted.

-. .—. .. ,
Based on pressure drop measurements, DD-1 was
estimated to have an eqdvalent pipe diameter
betveen 314 and 1 114 inches. I

Ignition of the cod occurred on August 14,
1979 (day 226), when an electrical igniter,
covered “ith broke” coal at the bottom of well B
was turned m. Air i“jectio” was into well A and
gas production was from well B.
. ..,.,_._

The 57 day gasification period9 for floeCreek

3 is best described by dividing it into five
different phases. We will discuss each in turm.. ..



Reverse bum phase (day 226.5- day 229.3) A comparison of the performance of Hoe Creek 2 ~
and Hoe Creek 3 durinz similar time Deriods is

Since the drilled channel was too small to give shown in Table 2. It-would seem rea~onable to !

the required low pressure drop at the design flow assume that the linking method had little or no

rates. it was decided to enlarge the hole by effect on the initial phase of the burn process. !

reverse combustion. Laborator~ tests10 had-shown

that reverse combustion would not propagate in a

drilled hole in coal as wet as the Felix coal (30%
water). However, we had been successful in using

reverse combustion in the natural fractures of the

coal during Hoe Creek 2. Therefore we decided to
try using air for Hoe Creek 3 to see if there was

any effect of scale size in the actual in-situ
I

process.

After one day of operation, it was clear that ~

the burn remained at the B well and was not propa-
gating up DD-1.

We then added propane to the air stream, keeping

the concentration below the lean flammability
limit. Although this did increase the rate of

burning and the downhole temperature, the reverse
burn still did not propagate.

Finally, oxygen was added to enrich the air

stream to about 35% oxygen which was a few percent
above the minimum oxygen, concentration indicated

by the laboratory experiments. Seventeen hours
later the reverse burn front reached the injection
well. From both pressure drop and coal consumption

data the resulting hole produced was estimated to
be about 6 inches in diameter.

Air Gasification (day 229.3 - day 236.4)

After the reverse burn hole enlargement was

completed, the scheduled seven day air gasification
was started from well A toward well B. The goal of

this phase of the experiment was to provide a

direct comparison of air gasification with a dril-

led link (Hoe Creek 3) to air gasification with a
reverse combustion link (Hoe Creek 2).11
I

The injection flow was increased in small steps
from 4 molls to 56 molls (200 to 2800 scfm) over a
three day period. There was no effect on the pro-

duced gas heating value from changes in the flow
rate. Particulate production, however, did in-

crease considerably as the flow rate increased.
After one day of operation at the peak injection
rate of 56 mol/s, the injection flow was reduced to

40mol/s (2000 scfm) and finally to 30mol/s (1500

scfm) to control particulate emissions. Reducing

the flow rate was a reasonably successful solution

to the particulate emission problem although some

particulate were produced at the lowest flow rates

tried.

Table 2 Initial air gasification - Hoe Creek II

and III.

Hoe Creek Hos Creek
II Ill

Period (days) 10 7
Coalmnsumed(m3) 207 183

Inj rate lmolls) 32 36

Higher HV (kJ/mol) 101 101

I

First P1 Oxyg en Injection Phase (day 236.5 -
243.7)

Towards the end of the scheduled air burn we

attempted to establish flow connnunication through

the oxygen injection lance in the A-well. The

lance was found to be plugged, probably by slag.
Therefore the reserve injection system in well P1
was used for the oxygen/steam injection which

started on August 24, 1979 (day 236). Within one
half hour the pressure drop between wells A and P1
dropped to less than 1 psi and within two hcurs the
heating value rose to 260 Btu/scf.

The start-up oxygenisteam rati~was 20% 02 and

80% steam. This was changed gradually over the
next two days to 20 mol/s (1000 scfm) oxygen and 20
mol/s steam in an effort to maintain a high heating

value. Since changing the ratio did not seem to

produce any lasting effect, the 1 to 1 ratio was
@dopted as the operating standard for most of the

rest of the experiment.
..

Three days after the start of oxygen injection,
on day 239, the extensometer El (near DD-1) indica-

ted collapse of the roof and large quantities of
steam were emitted from the flare.

Two days later the thermocouples at I-5 (near

DD-1) indicated burn temperature had reached the
roof of the seam at that point. Over the next

week high temperature indication at the top of the

seam were noted at all thermocouple atationa along
the DD-1 channel.

,1 f
;

ii

on the fourth day of forward gasification, the ; The interpretation of the thermocouple, geophysi-

HFEM diagnostic system reported that the burn zone cal and HFEM data ia that the drilled channel,

had reached the tou of the Felix 2 coal seam near DD-1, grew much faster vertically than horizontally

the injection well; Within a few hours the steam

content of the gas increased dramatically and the

gas heating value dropped from 113 Btu/scf to 90
Btu/scf. Production flow was still through DD-1 ;

to well B. The degradation in heating value was ‘

caused by roof collapse in the vicinity of well A,

which increased heat leas from, and water intrusion
into, the gasification zone.

during this period and, that in a little over two
weeks of gasification, the drilled hole had become
a V-shaped slot extending from the original height

to the top of the coal seam. Subsequently the

burn zone began to widen and from this time to the
end of the experiment the operation was characteri-

zed by a steady gas composition that seemed to be
independent of almost all operating parameters.

1 _l L~.—.
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A-well Oxygen Injection Phase (day 243.8 - day
253.2)

On day 241 pressure tests indicated that the

blockage of the A-well oxygen lance was gone.

Since most of the HFEM diagnostic wells were

clustered around A well, we returned the injection

point to A well for the next ten days. Near the
end of the period it appeared from the HFEM data
that the bum zone had shifted almost entirely into
the upper coal seam, Felix 1. Postburn examination
of the A well oxygen lance showed that it had been

broken off above Felix 1 coal seam by a massive
collapse of the overburden. The collapse had
filled in below the break so that most of the

injected flow was into Felix 1.

Second P1 Oxygen Injection Phase (day 253.8 -

day 283.5)
I

Although thermocouples in PI indicated that the

oxygen lance in P1 was also broken or melted above
Felix 1, the casing and liner seemed to be intact
further down. Therefore oxygen/steam injection was
switched back to well PI. Over the next few days

both the HFEM data and thermocouple data indicated
increased activity in Felix 2 and a decrease in
Felix 1.

This operating mode was continued until the end

of the experiment. The burn continued to involve
both coal seams and steadily grew wider. The burn

appeared to move along the top of the seam, moving
outward and down very slowly. The inverted thermo-
couple in well I-2 showed this most clearly.

On day 283, October 10, 1979 the experiment was

ended. A few tenths of a percent of oxygen began

to appear in the product gas and in a few hours the
production well temperatures rapidly increased. In

spite of water cooling rates exceeding 10 gpm, the
production well casing temperature exceeded 700C.

The injection fIcw was shut off and in a few hours
the well cooled off and the cooling water shutoff.

I
I

I Final Burn Geometry

A total of 2816 m3 of coal were consumed dur-

ing the Hoe Creek 3 test. This number includes
corrections for the estimated 18% gas loss during
the experiment. The correction to the coal con-
sumed number is made by assuming the lost gas had

the same composition as product gas. In the

absence of any correction for gas losses the total
coal consumed was 2316 m3. This latter number

would only be valid if all the lost gas had the

same composition as the injection gaa. We consider
this unlikely, and as a result used the gas loss

corrected number in conjunction with thermal data
to infer the burn boundaries.

The thermal data on burn boundary location are

limited, especially in the Felix 2 coal seam and in

the vicinity of the main injection well P1. As a

result the following description of burn boundary
locations is tentative. Coring will be needed to

derive final burn boundary estimates with a reason-

able degree of confidence.

I

0m*7 . 0
r

D PmcSs5 WSll

OThermc.muple

A Other wsll

‘A

well

l— =Felix 2 contours
10’m -- Fe~Ix 1 contour

—

~ ● Distsnmbelow
, top of Felix 2 sssm

Fig. 4 Final burn boundaries in the Felix 1 and 2

coal seams.

Figure 4 shows the proposed burn boundaries at
the end of the experiment. The dotted line repre-
sents the extent of burning in the 3 m thick Felix
1 seam, estimated to be 970 m3, while the solid
lines represent the burn boundaries in the 7.7 m
thick Felix 2 seam, estimated to be 1830 m3.

We have assumed that in the Felix 2 seam the
unburned boundary can be represented by an outward

sloping volume. Lines representing the O and 5.7
m levels of burning (measured from the top of the

seam) are shown. It is assumed that the central
region running from wells P1 to B is flat and
about 3.5 meters wide at a depth of 5.7 m into the

seam. There is no thermal evidence to justify

this assumption. The 5.7 m depth was chosen to
coincide with the original location of DD1, while
the width was chosen to yield the appropriate coal

consumption. The slope was derived solely from the

information provided by the inverfed thermocouple
in 12, which indicated a maximum burn depth of
2.5 - 3m. The outer boundary was drawn to be
consistent with the lack of thermal responses from
14, 17, 110, and 113 and a total coal consumption

number of 1830 m3 for Felix 2.

The dotted line in Fig. 4 representing the
extent of burn in Felix 1 was drawn to be consis-

tent with thermal data. The line represents the
extent of a burn which would have taken 100% of the

Felix 1 coal if it had vertical aides. If we
assume that the sides were sloped the outer bum
boundary could be extended. The only direction for

a Iarge extension would be towarda PI since the
boundaries nearer the production well (B) are con-

strained by thermal data. The shape of the boun-
dary drawn was strongly influenced by our knowledge

of the location of the surface subsidence which
occurred after the end of the experiment. The main
subsidence crater is located between A and

B wells with a center approximately 6-8 m from A
well. We could not justify this crater location
based on coal consumption from Felix 2 and there-
fore felt compelled to skew the Felix 1 burn
boundary toward the B well, with the inference that

the coal removal from this upper seam would have
influenced the location of the subsidence more than
that of the lower Felix 2 seam. This skewed burn
is also supported by the strong indications of a

bum in Felix 1 during the injection into A period.

I

5
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r Summary of Results

The product gas composition and the higher

heating value of the gas for the time periods dis-
cussed are shown in Figs. 5 and 6 respectively.

During the first two weeks of forward combus-

tion, the burn zone rose twice to the top of the
coal seam: once at well A with air injection, and
again at P-1 with oxygen-steam injection. In addi-
tion, the drilled channel grew faster vertically

than horizontally as the coal dried out, and it
eventually became a slot extending up to the roof

of the seam.

Comparing the arrival times of burn temperature

at the top of the coal along DDI with those near
the injection well indicates that the product gas

was still flowing through the main body of the coal

after the cavity had reached the roof and the heat-
. ing valve had begun to decline.

Roof collapse partially filled the slot with
rubble. The burn cavity moved rapidly along this
path. Two weeks after the start of forward bum,

the thermocouple at the top of Felix 2 in well

1-12, 10 m from well B reached 1000°C; five days
later the same temperature was recorded at the top

of 1-15, 5 m from well B.

However, from this time until the end of the

experiment 34 days later, the burn velocity along
the channel slowed markedly and the cavity began to
expand laterally. At this time, the injection

point was returned to P-1 from well A.

During this lateral growth period, the fluctua-

tions in the gas heating value grew smaller and the
heating value itself became more constant, although
it was 5 to 10% lower than the average value
recorded during the previous time period.
,

duced. It

consistent

i
.~

T.i$ sbcc!tc 5C Tsiuce., +.
77 ‘ d ,*S p.,,,”. *,ze

is doubtful, however, whether even a
bottom injection point would have com-

pletely overcome the problems caused by the weak,

wet roof materials.

,
About two weeks after the burn ended a sub-

sidence crater appeared on the surface 10 meters
from well A towarda well B. This crater enlarged
over the next few weeks until it reached dimensions

of approximately 10 meters by 20 meters and two

meters deep. We are continuing to monitor the slow’
changea in the subsidence pattern at regular
intervals.
&

A series of core holes will be drilled ~.nto the
burned zone to further diagnose the exteni af the

burn end the collapse region.

1 I

The type of overburden, weak claystones and
sandstonea, found at the Hoe Creek site is
certainly less favorable to the in-situ process

than one would desire, We are searching for a new
site with a stronger, drier overburden that should
be more favorable.

I

.

.

A smmnary of the pertinent data for the various i

phases of the experiment is given in Tablea 3-5. .

Table 6 shows a comparison of the Hoe Creek 2

and Hoe Creek 3 experiments in terms of energy
fraction and some economic related factors. The

similarities are obvious and strongly indicate that “
at least at Hoe Creek the site characteristics are
more important than the details of the process.

The Hoe Creek 3 experiment showed that we could .

operate with oxygen-steam injection in a routine

manner for a long time. The directionally drilled
linking channel was completed and enlarged by

reverse combustion successfully. We demonstrated “

that the product gas quality deteriorated when the ~
burn zone reached the roof of the coal seam even a

though the gaa flow was still through the direc- .

tional link channel.

After about three weeks of forward burn, the

system became quite stable and the heating value [

and gas composition remained nearly constant until

the end of the experiment.

Conclusions

The drilled channel, DD1, directed the flow of
product gas through the coal seam during the

early stagea of the experiment. Despite this
fact early time product quality problems were

encountered as a result of interaction with wet

overburden material near the injection well.

The drilled channel evolved over the course of

the first 12 days of the experiment into a slot
which eventually channeled floy at or above the

top of the coal seam. We see no evidence in the
data that this influenced the course of the
gasification.

The injection well completions were not suc-
cessful in maintaining the injection point at
the bottom of the seam. We feel this may have

adversely effected the process.

Continued interaction with wet overburden

material hurt the overall performance of the
process.

The use of oxygen/steam as the primary injected

reactant caused no unexpected operational

problems.

The overall performance of the Hoe Creek 2 and 3

experiments was similar.

The geologic setting at Hoe Creek is not optimal

for UCG. We speculate that a drier and tougher

coal and overburden would yield superior results.
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Table 3 Operational data summary for Hoe Creek 3.

11

Time Injected

oeriod lniestion Oxwerr Production System

dsyof flow rata m“;le dryflowrate piessu re

~ (us) (~ml _ _ _ __ _fraction (mol/s) (scfm) (kPa) (psi=)

Reverse burn with oxygen

226.6 –
228.3

5.0 252 0.31

Forward burn with air

229.5-

236.4
35.5 1782 0.21

Oxygenburnwith injactioninpl(a)

236.5–
243.7 39.3 1974 0.45

Oxyg-?nburnwith injactioninA

243.8 –
253.2

38.0 1907 0.49

Oxyganbumwith injectioninPl(b)

253.5–
268.5

42:4 2131 0.47

Oxygen burn with injection in PI (c)

268.5 –

283.5
41.6 2101 0.48

Total oxygen bum

236.5-
263.5

40.8 2051 0.46

8.6 433: 335

53.4 2660 287

!S4.6 2740 322

40.9 2054 350

46.6 2439 288

47.1 2365 263

47.5 2383 297

Allmolunitsare grammolm

Drv refers hereto moisture and ter free

Coal gssified is not corrected for gss Ioatss

Coaltotal FBgssloss cor-4200torss

II

46.7

41.6

46.7

50.8

41.8

38.1

43.0

—

Total

produced

dry WS

(l@ moi)

0.52

31.8

34.0

33.2

63.0

61.0

192.6

coal ;
gesifiad

,m3)
—

3.57

168

389

356

698

677

2137

(g)

5.32

250

580

533

1041

1001

3185

._. .—__.——+
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Table 4 Product composition and material balance

data summary for Hoe Creek 3.

Tmme product

period Dry<ar-freeproduct gas

day’ of avaraga mole fractions H2%yd~

1979 Nz “2 CH4 co C02
gas ratio’

—— —— ——

Reverse burn with oxygan

228.6 –
229.3

0.41 0.20 0.016 0.17 0.19

Forward burn with air

229.5 –
236.4

0.56 0.14 0.024 0.11 0.14

Oxygen burn with injection in P1 (a)

238.5-
243.7

0.016 0.35 0.052 0.18 0.39

Oxygen burn with injection in A

243.8 –
253.2

0.029 0.37 0.061 0.12 0.42

Oxygan burn with injection in P1 (b)

253.5 –
268.5

0.010 0.37 0.061 0.096 0.46

Oxyganburnwith injactioninPl (c)

268.5-
283.5

0.015 0.37 0.049 0.095 0.46

Totaloxygassbum

236.5-
283.5

0.018 0.37 0.051 0.113 0.44

●Ratio is a mole ratio

0.17

0.52

1.34

1.12

1.08

1.28

1.20

Reaction

atoichiometty
021C H201C

0.48

0.52

0.50

0.51

0.55

0.56

0.53

0.19

0.24

0.31

0.38

0.35

0.34

0.34

Gas Water

recovery influx

(%)

102

109

89

67

82

80

81

Table 5 Energy data summary for Hoe Creek 3.
,,

(mOl/s]

-3.3

18.5

46.5

30.0

31.7

40.7

36.5

Time Energy distribution ProductHC+

period Product gas Combustible Net

day of haatofcombustion’ ~ steam

1979 kJ/mol Btu/3CF 1 %
——

Raversa bum with oxygen

228.6-
229.3

124 141 67 4

Forward burn with air

229.5 –
236.4

101 114 72 16

Oxygenburnwith injectioninpl (a)

236.5– *W

243.7
236 68 13

Oxygenburnwith iniectioninA

243.8 –

253.2
197 224 69 12

Oxygen burn with injection in pl (b)

253.5- ,m
268.5

214 64 10

Oxyganburnwitb in@tioninPl(c)

268.5– ,W
283.5

208 63 14

Totaloxyganbum

236.5 –
283.5

192 217 65 12

Gassens Insitu per mole

heat 1022 of 02
% % kJ/mol

— .

2 27

9 3

5 13

7 13

8 18

9 15

6 16

●Dw, tar-free

tDW, ~ar.frw H C. U= recoveW number to obtain kJ/mole fOr =tual 02 ini~~

Note: energy as combustible gas includes contributions from tar

676

683

649

650

559

532

580

I

;

,

a
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